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7KHPDMRU IDFWRU RI WKHUPDO KLVWRU\ RIPDWHULDO DIIHFWLQJ WKH W\SHV RI SKDVH DQG WKH UHVXOWLQJPLFURVWUXFWXUH
LQFOXGLQJWKHWHPSHUDWXUHYDULDWLRQDQGWKHWLPHGXUDWLRQRISUHKHDWLQJVROLGLILFDWLRQDQGSRVWWUHDWPHQWSURFHVVHV
>@
7KH RSWLPDOPHFKDQLFDO SURSHUWLHV DQG WKHPDQXIDFWXULQJ SURFHVV LV UHODWHG WR WKHLU WKHUPDO YDULDWLRQ KLVWRU\
GHVLJQHG DFFRUGLQJ WR WKH UHTXLUHPHQW RI SURGXFWV LQ WKHLU ZRUNLQJ HQYLURQPHQW )RU DGYDQFHG LQGXVWULDO
DSSOLFDWLRQPRUHWKDQRQHGLIIHUHQWPHFKDQLFDOSURSHUWLHVLVQHHGHGIRUDSURGXFWWRILWWKHZRUNLQJHQYLURQPHQW
)RUH[DPSOHDLGHDORUWKRSHGLFUHSODFHPHQWGHPDQGVJRRGKDUGQHVVRQWKHVXUIDFHWRUHVLVWZHDUDWWKHVDPHWLPH
WKH PDLQ ERG\ UHTXLUHV PRUH WRXJKQHVV WR OHQJWKHQ WKH VHUYLFH OLIH VSDQ ,W LV KRZHYHU XVXDOO\ FRPSURPLVHG
EHFDXVH WKH DUUDQJHPHQW RI PHFKDQLFDO SURSHUWLHV FDQQRW IXOOILOO RSWLPDO UHTXLUHPHQW E\ XVLQJ WUDGLWLRQDO
PDQXIDFWXULQJPHWKRGV+HQFHDORWPRUHVSDUHSDUWVKDYHWREHPDGHWRUHSODFHWKHEURNHQSDUWVDQGVXIIHUHGD
JUHDWORWRIZDVWH
6HOHFWLYH ODVHU PHOWLQJ 6/0 LV D SURPLVLQJ PHWDO $GGLWLYH 0DQXIDFWXULQJ $0 PHWKRG WKDW GLIIHUV IURP
WUDGLWLRQDO PDQXIDFWXULQJ SURFHVVHV ,Q 6/0 SURFHVV PHWDO SRZGHU EHG LV PHOWHG WR D OLTXLG VWDWH E\ ODVHU
LUUDGLDWLRQRQWRDVHOHFWLYHDUHD$IUHHIRUPSDUWFDQEHPDQXIDFWXUHGIURPWKHVHDFFXPXODWHGDUHDVE\FRQWUROOLQJ
VFDQQLQJURXWHRIODVHULQHYHU\VOLFLQJOD\HUV7KHUHIRUHDSURGXFWZLWKDFRPSOH[JHRPHWU\FDQEHPDGHE\XVLQJ
6/0SURFHVV>@(VSHFLDOO\IRUWKHOLJKWZHLJKWVWUXFWXUHGHVLJQSURGXFWWKHPDWHULDOPLFURVWUXFWXUHDQGWKHUHODWHG
PHFKDQLFDOSURSHUWLHVRIDOOR\LVFULWLFDOIRUWKHILQDOSURGXFW>@
+RZHYHU HYHQ WKRXJK WKH FRROLQJ UDWH FDQ EH FRQWUROOHG YLD WKH VFDQQLQJ VSHHG RI WKH ODVHU DQ LQFRUUHFW
VFDQQLQJVSHHGDQGODVHUSRZHUOHDGVWRGLVFRQWLQXRXVPHOWLQJWUDFNVDQGXQDYRLGDEOH WKHIRUPDWLRQRIXQZDQWHG
SRUHV %HFDXVH XVXDOO\ WKH SDUWVZRXOG UHTXLUH GHQVH TXDOLW\ H[FHHGLQJ  E\ WKH 6/0 SURFHVV 7KH IHDVLEOH
SDUDPHWHUVDUH UHVWULFWHG WRD VPDOOZLQGRZ>@'HVLUHGPHFKDQLFDOSURSHUWLHV LQDGHQVHSDUWFDQQRWEHHDVOLO\
DFKLHYHGE\MXVWFKDQJLQJODVHUSDUDPHWHUV0RUHRYHUWKHPHFKDQLFDOSURSHUWLHVRID6/0SDUWXVXDOO\KDVKLJKHU
VWUHQJWKEXWORZHUGXFWLOLW\EHFDXVHWKHFRROLQJUDWHRIVROLGLILFDWLRQLVXVXDOO\PXFKKLJKHUWKDQWUDGLWLRQDOFDVWLQJ
PHWKRG7KHPHFKDQLFDOSURSHUWLHVRI6/0SDUWVFDQEHDGMXVWHGE\XVLQJSRVWKHDW WUHDWPHQWSURFHVV7KHUHDUH
UHVWULFWLRQVWRREWDLQWKHGHVLUHGUHVXOWVXVLQJWKHWUDGLWLRQDOKHDWWUHDWPHQWPHWKRG)RUDGYDQFHGSURGXFWWKHSKDVH
RIDOOR\RUWKHPDWHULDOPLFURVWUXFWXUHPD\EHYHU\FULWLFDOIRUWKHSHUIRUPDQFHEXWWKH\FDQQRWEHDGMXVWHGXVLQJ
H[LVWLQJ KHDW WUHDWPHQWPHWKRG DIWHU 6/0SURFHVV0RVW RI WKHVH SUREOHPV DUH FDXVHGE\ WKH FRQWURO RI WKHUPDO
KLVWRU\LQWKH6/0SURFHVVEXWLWLVQRWHDV\WRILQGDEHWWHUVROXWLRQVIRUWKDWXVLQJH[LVWLQJ$0V\VWHPV
,QGXVWULDO 7HFKQRORJ\5HVHDUFK ,QVWLWXWH ,75, IURP7DLZDQ KDG GHYHORSHG D K\EULGPHWKRG LQ  E\ WKH
HOHFWURPDJQHWLFIRUFHFRQWUROV\VWPWRYDU\WKHPDWHULDOPLFURVWUXFWXUHXVLQJWKHVDPHSDUDPHWHUVRI6/0SURFHVV
>@ ,Q WKLVDUWLFOHZHGHYHORSVDQRSWLFDOFRQWUROOLQJ WHFKQLTXH QDPHG2SWLFDO(QJLQH IRUDFXVWRPPDGH ODVHU
$0HTXLSPHQW$FRPSOH[ODVHUEHDPVKDSHZLWKDGGDSWLYHLUUDGLDWLRQSURILOHVZDVPDGHWRSHUPLWORFDOFRQWURORI
PDWHULDO FKDUDFWHULVWLFV DQG WKXV WR RSWLPL]H WKH SURGXFW SHUIRUPDQFH 7KH WHFKQRORJ\ FRQVLVWV RI D PDLQ EHDP
VKDSHIRUPHOWLQJWKHSRZGHUDQGDQH[WHQGHGEHDPVKDSHIRUFRQWUROOLQJWKHUPDOKLVWRU\GXULQJVROLGLILFDWLRQ
7KLV WHFKQLTXH PD\EH VXLWDEOH IRU DSSLFDWLRQV LQ DGYDQFHG PHGLFDO HTXLSPHQW DHURQDXWLFDO DQG DXWRPRELOH
LQGXVWULHV )RU H[DPSOH DV IRU DXWRPRELOH DQG DHURQDXWLFDO LQGXVWULHV WKH YLWDO VWUXFWXUDO FRPSRQHQWV VXFK DV
WXUELQHV UHTXLUH LVRPHWULFPDWHULDO VWUXFWXUHRI WKH URWRUKXEDW WKHFHQWHU WR UHVLVW DEUDVLRQ DQGPRQRFU\VWDOVRU
LVRWURSLFFU\VWDOVRI WKHVXUURXQGLQJEODGHVIRUKLJKWHPSHUDWXUHIDWLJXH,Q WUDGLWLRQDOPDQXIDFWXULQJPHWKRG WKH
SDUWV VKRXOGEHPDQXIDFWXUHG VHSDUDWHO\XVLQJGLIIHUHQWPDQXIDFWXULQJPHWKRGZLWK WKHLURSWLPDO WKHUPDOKLVWRU\
FRQWURO ,W LV DOPRVW LPSRVVLEOH WRDFKLHYHERWKRI WKHLU UHTXLUHGPLFURVWUXFWXUH LQDQXQLWERG\XVLQJ WKHH[LVWLQJ
KHDWWUHDWPHQWPHWKRGV
2SWLFDO HQJLQH LV GHVLJQHG IRU VROYLQJ VXFK FDVHV E\ FRQWURO WKH WKHUPDO KLVWRU\ ZLWK GLIIHUHQW VROLGLILFDWLRQ
PHFKDQLVP GXULQJ 6/0 SURFHVV WR JDLQ WKH GHVLUHG JUDLQPLFURVWUXFWXUH RI WKHPDWHULDOV WRPDWFK WKH UHTXLUHG
PHFKDQLFDOSURSHUWLHVDQGFKDUDFWHULVWLFVQHHGHGIRU WKHVHSURGXFWV ,Q WKLVVWXG\ WKHPDWHULDOPLFURVWUXFWXUHDQG
WKHPHFKDQLFDOSURSHUWLHVXVLQJRSWLFDOHQJLQHVHWWLQJKDVEHHQGHPRQVWUDWHG
'HVLJQRI2SWLFDO(QJLQH
7KHKDUGZDUHGHVLJQRIRSWLFDOHQJLQHLVLOOXVWUDWHGLQ)LJ,WFDQEHLQVWDOOHGRQWRDQH[LVWLQJ$0PDFKLQHWR
FRQWURO WKH WKHUPDO KLVWRU\ LQ D SURFHVV$ FRPSOH[EHDPPRGXODWRUZDV DUUDQJHGEHWZHHQ WKH ODVHU VRXUFH DQG
VFDQQHUWRJHQHUDWHDFRPSOH[EHDPVKDSHLQRUGHUWRFRQWUROWKHUPDOKLVWRU\RID6/0SURFHVV
7KHFRPSOH[EHDPPRGXODWRU  FRPSULVHVDEHDPVSOLWWHU IRU VSOLWWLQJDFROOLPDWHG LQFLGHQWEHDPIURPD ODVHU
VRXUFHLQWRDPDMRUEHDPDQGDH[WHQGHGEHDP$EHDPVKDSHUIRUVKDSLQJDWUDQVYHUVHHQHUJ\GLVWULEXWLRQSURILOH
 Wei-Chin Huang et al. /  Physics Procedia  83 ( 2016 )  847 – 853 849
RI WKHH[WHQGHGEHDPWRGHVLUHG7KHEHDPGHOLYHU\XQLWIRUJXLGLQJ WKHPDMRUEHDPDQG WKHH[WHQGHGEHDPWRD
EHDP FRPELQHU IRU UHFHLYLQJ JHQHUDWLQJ DQG FRPELQLQJ WKHP LQWR FRPSOH[ EHDP WR EH GLUHFWHG LQWR VFDQQHU
0RUHRYHU WKHRSWLFDO HQJLQHKDYH DQ HOHFWURQLFEHDPFRQWURO V\VWHPDQGD UHODWHG VRIWZDUH WR DGMXVW WKH HQHUJ\
PDJQLWXGH DQG HQHUJ\ GLVWULEXWLRQRI WKH FRPSOH[ EHDP:KLFK VZLIWO\ DGMXVW WKH EHDPSURILOH DQG GLUHFWLRQRI
FRPSOH[EHDPWRILWWKHVFDQQLQJURXWHRID6/0SURFHVV
7KHFRPSOH[EHDPSURILOHZDVVLPXODWHGE\VXSHUSRVLWLRQLQJDQRUGLQDU\DQGDQH[WHQGHG*DXVVLDQEHDPV$Q
RUGLQDU\*DXVVLDQ EHDP VSRW DQG RQH RI WKH FRPSOH[ EHDP SURILOHZHUH FRPSDUHG $ FRPSOH[ EHDP FDQ EH D
FRPELQDWLRQRIDFLUFXODU*DXVVLRQDQGDQRQFLUFXODUH[WHQGHGEHDPDV LOOXVWUDWHG LQ)LJ7KHUHVXOWLQJEHDP
SURILOHRQWKH6/0H[SHULPHQWDOSODWIRUPKDGEHHQPHDVXUHGE\XVLQJD3ULPHV¶)RFXV0RLQWRUDVVKRZLQ)LJ
7KHWRWDOODVHUSRZHUZDVPHDVXUHGDW:FRQWLQXRXVZDYH7KHSRZHUVKDULQJRIWKHRUGLQDU\DQGWKHH[WHQGHG
*DXVVLDQSRUWLRQVZHUHHTXDO,QWKLVDUWLFOHDQRWKHUH[DPSOHRIDFRPSOH[EHDPVKDSHZDVVKRZQZLWKD*DXVVLRQ
EHDPVKDSHDVWKHPDMRUEHDPOHDGLQJWKHVFDQQLQJGLUHFWLRQDQGDQHORQJDWHGVTXDUHEHDPDVWKHH[WHQGHGEHDP
IROORZLQJWKHPDMRUEHDP


)LJ2SWLFOD(QJLQHGHVLJQIRUVHOHFWLYHODVHUPHOWLQJSURFHVV

)LJ7KHVLPXODWLRQDQGEHDPVKDSHPHDVXUHPHQWRIQRUPDO*DXVVLRQEHDPDQGFRPSOH[EHDP
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([SHULPHQWDOVHWXS
7KH H[SHULPHQWDO DSSDUDWXV ZDV EXLOW DW WKH /DVHU DQG $GGLWLYH 0DQXIDFWXULQJ 7HFKQRORJ\ &HQWHU ,75,
7DLZDQ,WLVDQDPLQDO6/0H[SHULPHQWDOSODWIRUPLQVWDOOHGZLWK,75,GHYHORSHGRSWLFDOHQJLQH
6LPXODWLRQ IRU WKH WKHUPDOKLVWRU\RIQRUPDO*DXVVLDQEHDPDQGFRPSOH[EHDPZHUHGRQHE\XVLQJ$16<6
$VVXPLQJWKDW WKHKHDW WUDQVIHUPRGHORI$ODOOR\SRZGHUEHGLVDEXONPDWHULDOZLWKWKHWKHUPDOFRQGXFWLYLW\RI
SRZGHU7KHKHDWWUDQVIHUSKHQRPHQDLVGHVFULEHGE\WKHIROORZLQJKHDWFRQGXFWLRQHTXDWLRQ
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1RQOLQHDUWKHUPDODQDO\VLVLVFRQGXFWHGXVLQJVROLGHLJKWQRGHEULFNHOHPHQWV,QKLJKWHPSHUDWXUHJUDGLHQW
UHJLRQV RI IXVLRQ ]RQH DQG KHDW DIIHFWHG ]RQH +$= PRUH UHILQHG PHVK FORVH WR PROWHQ OLQH LV HVVHQWLDO IRU
REWDLQLQJDFFXUDWHWHPSHUDWXUHILHOG7KHPHVKZDVFRPSRVHGRIDWRWDOQXPEHURIHOHPHQWV
:HVHOHFWHGDQ$ODOOR\$O6L0JWRGHPRQVWUDWHWKHUHVXOWRIWKLVRSWLFDOHQJLQH3RZGHUVZHUHSURGXFHGYLDD
JDVDWRPL]DWLRQSURFHVV7KHSDUDPHWHURIWKH6/0SURFHVVLVZLWK:ODVHUSRZHUIRUWKHWRWDOFRPSOH[EHDP
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ZLWKDUDWLRRIWRWKHPDMRUEHDPDQGH[WHQGHGEHDP7KHVFDQQLQJVSHHGLVPPVDQGOD\HUWKLFNQHVVLV
PLQDQDUJRQDWPRVSKHUH
7KHPHFKDQLFDOWHVWVDPSOHLVSUHSDUHGIROORZWKHWKHVWDQGDUGRI$670(0ZLWKVKHHWVSHFLPHQVIRUWHQVLRQ
WHVWE\*OHHEOH6\VWHPDQG5RFNZHOOKDUGQHVVWHVWHU
7KHFU\VWDOOLQHVWUXFWXUHDQDO\VHGVDPSOHVZHUHSUHSDUHGE\FXEHVKDSHVDPOSOHZLWKPP/HQJWKPP
:LGWK  PP +HLJKW DQG WKHVH VDPSOHV ZHUH DQDO\]HG E\ ;5' 0,1,)/(;  5LJDNX -DSDQ ZLWK &X
UDGLDWLRQZDYHOHQJWKc
5HVXOWVDQG'LVVFXVLRQ
7KH$16<6 VLPXODWLRQ UHVXOW LV LOOXVWUDWHG LQ )LJ7KHPDWHULDO WUHDWHG E\ WKH FRPSOH[EHDP LQFUHDVHG WKH
WHPSHUDWXUHRYHUPHOWLQJSRLQWDQGWKHQDQQHDOHGZLWKDVHWWHPSHUDWXUH7KHWLPHSHULRGRIDQQHDOLQJWHPSHUDWXUH
RIFRPSOH[EHDPE\RSWLFDOHQJLQH LV ODVWLQJPXFKORQJHU WKDQ WKDWE\DQRUPDO*DXVVLDQEHDP0RUHRYHU WKHLU
VFDQQLQJVSHHGDQGWKHSURILOHRIPHOWLQJSRROLVWKHVDPH2QO\WKHFRROLQJUDWHVDQGSRVWDQQHDOLQJWHPSHUDWXUH
KLVWRU\DUHFKDQJHG
$FFRUGLQJWRWKHUHVXOWRIVLPXODWLRQHYHQWKHVLPXODWLRQDVVXPSWLRQVZHUHIRUWKHEXONPDWHULDODQGPLJKWQRW
IXOO\PDWFKWKHUHVXOWRIWUXHSRZGHUEHGIXVLRQHIIHFW7KHUHVXOWRIWHPSHUDWXUHKLVWRU\IRUWKHFRPSOH[EHDPVWLOO
FDQEHHYDOXDWHGWRKHOSWKHSDUDPHWHUVVHWWLQJ7KHWHPSHUDWXUHYDUDWLRQQHDUDVSRWLQWKHVFDQQLQJURXWHDIWHU
EHLQJKHDWHGE\WKHFRPSOH[ODVHUEHDPZLOOEHUDSLGO\LQFUHDVHGE\WKHOHDGLQJPDMRUEHDP7KHQWKHWHPSHUDWXUH
ZLOO EH NHSW DW DQ DQQHDOLQJ WHPSHUDWXUH IRU D SHULRG RI WLPH WR FKDQJH WKHPHFKDQLVP RI VROLGLILFDWLRQ E\ WKH
H[WHQGHGEHDP
0RUHRYHU YDULRXV HQHUJ\ PDJQLWXGH FDQ EH VHW DORQJVLGH HQHUJ\ GLVWULEXWLRQ DQG WKH VSDWDO UHODWLRQVKLS RI
*DXVVLRQEHDPDQGH[WHQGHGEHDPLQWKHFRPSOH[EHDPWRFUHDWHGLIIHUHQWWHPSHUDWXUHKLVWRU\LQWKH6/0SURFHVV
,W SRWHQWLDOO\ FDQ EH XVHIXO IRU EULWWOH PDWHULDO DV WR UHGXFH WKH UHVLGXDO VWUHVV ,W FDQ DOVR DGXVW WKH UHTXLUHG
PHFKDQLFDOSURSHUWLHVVXFKDVKDUGQHVVDQGWRXJKQHVVIRUGLIIHQHWZRUNLQJHQYLURQPHQW


)LJ7KHVLPXODWLRQRIWHPSHUDWXUHYDUDWLRQZLWKDQRUPDO*DXVVLDQEHDPEFRPSOH[EHDP
7KHUHVXOWLQJPDWHULDOPLFURVWUXFWXUHLVLOOXVWUDWHGLQ)LJ7KHPDWHULDOPLFURVWUXFWXUHRIVDPSOHXVLQJQRUPDO
*DXVVLDQEHDPZDVREVHUYHGIURPWKHWRSYLHZDQGWKHFURVVVHFWLRQ,WVKRZVQDQRDFLFXODUVXEJUDLQDUUDQJHGLQ
WKHHTXLD[HGJUDLQERXQGDU\IURPWKHWRSYLHZ7KHPDWHULDOPLFURVWUXFWXUHRIVDPSOHXVLQJFRPSOH[EHDPLQWKH
6/0SURFHVVDOVRVKRZVWKHQDQRDFLFXODUVXEJUDLQDUUDQJHGLQWKHJUDLQERXQGDU\EXWWKHERXQGDU\LVGLUHFWLRQDO
H[WHQGHGDORQJWKHVFDQQLQJGLUHFWLRQRIWKHODVHU%RWKRIWKHVDPSOHVVKRZVWKHWH[WXUHIURPWKHFURVVVHFWLRQZLWK
RYHUODSSHGPHOWLQJWUDFNVRIHYHU\OD\HUV
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
)LJ7KHPDWHULDOPLFURVWUXFWXUHRI$0SURFHVVZLWKQRUPDO*DXVVLDQEHDPDQGFRPSOH[EHDP
7KH6/0SURFHVVZLWKQRUPDO*DXVVLDQEHDPDQGFRPSOH[EHDPZLWKVWULSHEXLOGLQJVWUDWHJ\ZDVSURFHHGWR
EXLOGWKHVKHHWVSHFLPHQV7KHPHFKDQLFDOSURSHUWLHVLVLOOXVWUDWHGLQ)LJ$FFRUGLQJWRWKHUHVXOWRIPHFKDQLFDO
SURSHUWLHVWHVWWKHKDUGQHVVDQGWHQVLOHVWUHQJWKRIWKHVDPSOHXVLQJQRUPDO*DXVVLDQEHDP7HQVLOHVWUHQJWK
03D +9 LV KLJKHU WKHQ WKH VDPSOH XVLQJ FRPSOH[ EHDP 7HQVLOH VWUHQJWK  03D +9  %XW WKH
HORQJDWLRQ DW EUHDNRI WKH VDPSOHXVLQJ FRPSOH[EHDP a  LVPXFKKLJKHU WKDQ WKH VDPSOHXVLQJQRUPDO
*DXVVLDQ EHDP a 7KH UHVXOWV LQGLFDWHG WKDW WKHPHFKDQLFDO SURSHUWLHV FDQ EH VXFFHVVIXOO\ DGMXVWHG LQ WKH
6/0SURFHVVXVLQJ FRPSOH[EHDP7KHGXFWLOLW\RISURGXFW FDQEH LQFUHDVHGZLWKRXW DQ\KHDWWUHDWPHQWSURFHVV
DIWHU6/0SURFHVV

)LJ7KHVWUHVVVWUDLQFXUYHRIWKH$ODOOR\XVLQJQRUPDO*DXVVLRQEHDPDQG&RPSOH[EHDP
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7KHUHVXOWRIPDWHULDO;5'SDWWHUQLVLOOXVWUDWHGLQ)LJ$VFRPSDUHGZLWKWKHUHVXOWRIQRUPDO*DXVVLDQEHDP
WKHSHDNVRI$OLVVLJQLILFDQWO\GHFUHDVHG7KH6LDQG$OOLQHVDUHHQKDQFHGZKHQXVLQJFRPSOH[
EHDP7KHUHVXOWLQGLFDWHGWKDWWKHFU\VWDORULHQWDWLRQFDQDOVREHFKDQJHGLQWKH6/0SURFHVVXVLQJRSWLFDOHQJLQH

)LJ7KH;5'SDWWHQIRUWKHQRUPDOEHDPDQGFRPSOH[EHDP6/0SDUWV
7KHUHVXOWVRIWKHRSWLFDOHQJLQHKDVEHHQGHPRQVWUDWHGVRIDU(YHQWKRXJKLWLVMXVWEHJLQWRFKDQJHWKHFRQFHSW
RIERWKVFLHQFHDQGHQJLQHHULQJDQGLWLVSURPLVLQJWRJURZLQWKHQHDUIXWXUH7KHUHTXLUHGSURFHVVSDUDPHWHUVRI
WKHRSWLFDOHQJLQHZRXOGEHVHWZLWKVSHFLILFHQHUJ\GLVWULEXWLRQDQGHQHUJ\GHQVLW\RQWKHVRIWZDUHWRFRQWUROWKH
WKHUPDO KLVWRU\ VXFK DV SUHKHDWLQJ WHPSHUDWXUH FRROLQJ UDWHV RI VROLGLILFDWLRQ LQ HYHU\ ORFDO DUHD WR REWDLQ WKH
GHVLUHG$0SURGXFW FKDUDFWHULVWLFV 7KH GHVLJQ RIPDWHULDO VWUXFWXUH WKHPHFKDQLFDO SURSHUWLHV DQG WKH SURGXFW
SHUIRUPDFHREWDLQHGZLWKGLIIHUHQWSDUDPHWHUVPD\EHSUHGLFWHGE\VLPXODWLQJDQDO\VLVLQWKHIXWXUH,WLVRSWLPLVWLF
WKDW QRW RQO\ FKDUDFWHULVWLF UHTXLUHPHQWV VXFK DV DSSHDUDQFH DQG SURFHVVLQJ SUHFLVLRQ FDQ EH WDNHQ LQWR
FRQVLGHUDWLRQEXWDOVRWKHRSWLPDOPHFKDQLFDOSURSHUW\DUUDQJHPHQWRIWKHSURGXFWPD\EHDFKLHYHGE\XVLQJWKLV
RSWLFDOHQJLQHWRVDWLVI\DOOGHPDQGVRISHUIRUPDQFHDQGGXUDELOLW\LQWKHIXWXUH
&RQFOXVLRQ
$QRSWLFDOHQJLQHLVGHYHORSHGZKLFKKDVLQLWLDWHGDQHZFRQFHSWIRUWKHQH[WJHQHUDWLRQ$0,WSURYLGHVQHZ
DGMXVWLQJ PHWKRG WR FRQWURO WKH WKHUPDO KLVWRU\ RI 6/0 SURFHVV DQG FRQVHTXHQWO\ GUDVWLFDOO\ LPSURYLQJ WKH
SRVVLELOLW\RISURGXFW7KHUHIRUHXVHUFDQREWDLQWKHGHVLUHGORFDOPHFKDQLFDOSURSHUWLHVLQGHVLJQHG6/0SURGXFW
XVLQJWKLVRSWLFDOHQJLQHLQWKHIXWXUH7KLVWHFKQLTXHLVSURPLVLQJIRUQRYHOSURGXFWGHPDQGLQJKLJKSHUIRUPDQFH
DQGGXUDELOLW\HVSHFLDOO\IRUDHURQDXWLFDODQGELRLPSODQWDSSOLFDWLRQV
5HIHUHQFHV
>@'DYLV6+7KHRU\RIVROLGLILFDWLRQ&DPEULGJH8QLYHUVLW\3UHVV
>@.UXWK-3)UR\HQ/9DQ9DHUHQEHUJK-0HUFHOLV35RPERXWV0DQG/DXZHUV%6HOHFWLYHODVHUPHOWLQJRILURQEDVHGSRZGHU
-RXUQDORI0DWHULDOV3URFHVVLQJ7HFKQRORJ\
>@%UDQGO ( +HFNHQEHUJHU 8 +RO]LQJHU 9 DQG %XFKELQGHU '  $GGLWLYH PDQXIDFWXUHG $O6L0J VDPSOHV XVLQJ 6HOHFWLYH /DVHU
0HOWLQJ6/00LFURVWUXFWXUHKLJKF\FOHIDWLJXHDQGIUDFWXUHEHKDYLRU0DWHULDOV	'HVLJQ
>@1J&&6DYDODQL00/DX0/DQG0DQ+&0LFURVWUXFWXUHDQGPHFKDQLFDOSURSHUWLHVRIVHOHFWLYHODVHUPHOWHGPDJQHVLXP
$SSOLHG6XUIDFH6FLHQFH
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